There is general agreement that both motivation and cognitive control play critical roles in shaping goal-directed behavior, but only recently has scientific interest focused around the question of motivation-control interactions. Here we briefly survey this literature, organizing contemporary findings around three issues: (1) whether motivation preferentially impacts cognitive control processes, (2) the neural mechanisms that underlie motivation-cognition interactions, and (3) why motivation might be relevant for overcoming the costs of control. Dopamine (DA) is discussed as a key neuromodulator in these motivation-cognition interactions. We conclude by highlighting open issues, specifically Pavlovian versus instrumental control distinctions and effects of motivational valence and conflict, which could benefit from future research attention.
Introduction
There has been a longstanding interest in investigating motivation and cognitive control as modulators of goaldirected behavior. However, only recently have researchers begun to examine these two processes in terms of their integrated influence on behavior and the brain [1, 2 ]. Here we review recent studies on motivation-cognition interactions, while highlighting key unresolved issues in this burgeoning domain.
The challenge of operationalizing motivation
René Descartes once contended that the 'passions' in human nature 'dispose our soul to want the things that nature decides are useful for us, and to persist in this volition; and [to bring about] the agitation of the spirits which customarily causes them to dispose the body to those movements that help bring about those useful things [3] .' Although to modern ears this quotation initially seems overly baroque, upon deeper inspection it reveals a surprisingly apt description of what could be considered the four central dimension of motivation: value/utility (things of use), anticipatory affect (passion, desire, and persistence), activation/energization (agitation of the spirits), and directed action (disposing the body to movement).
In the scientific literature, motivation has been characterized as the energization and direction of behavior, response vigor, arousal and intensity of motor output, or as a biologically-driven impulse that compels an organism to act [4] [5] [6] [7] . Since the concept of motivation was created to provide a theoretical framework to describe a diverse range of behaviors (e.g., approach, avoidance), a precise operationalization of this multifaceted construct has proved to be challenging. Despite valiant efforts, researchers have yet to agree upon a unified definition and comprehensive framework for this elusive construct [7, 8] .
Nevertheless, the term 'motivation' is consistently used to describe when an external or internal incentive alters the biological system (i.e., generates a 'motivated state') to stimulate an observable change in behavior. It is generally assumed that providing incentives (e.g., offering rewards or threats/penalties) can induce such motivational states, which then lead to dynamic adjustments in cognitive processing, and consequently, influence behavior. However, open questions remain regarding the mechanisms that underlie such motivation-cognition interactions.
A further point to acknowledge is that motivation has been found to influence a broad range of cognitive processes, that is, attention [9, 10] , learning [11, 12] , memory [13, 14] , and perception [15, 16] . Here, we emphasize studies that have examined motivation as it relates to cognitive control, a key interaction underlying goaldirected behavior.
The interactions of motivation and cognitive control
The recent literature in this domain can be organized around three central questions. First, is there evidence that motivation selectively enhances cognitive control? Second, what are the neural mechanisms that give rise to these interactions? Third, why is motivation relevant for overcoming costs of cognitive control? 
